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SYNOPSIS 
The thesis entitled “Synthetic studies towards Galanthamine, Terpendole, design of 
Norbornene derived peptides and development of novel methodologies” is divided 
into three chapters. 
Chapter I: Synthetic studies towards biologically active alkaloids Galanthamine and 
Terpendole. 
Section A: Synthetic studies towards Galanthamine devoid of C-ring. 
Section B: Synthetic studies towards simplified structural analog of Terpendole. 
Chapter II: Synthesis and conformational control of hybrid and hetero peptidic 
foldamers: cis-β-Norbo-α and β spacer series. 
Chapter-III: Development of novel methodologies. 
Section-A: Three-component coupling of alkynes, Baylis-Hillman adducts and sodium 
azide: a new synthesis of substituted triazoles. 
Section-B: Pd catalyzed reduction of N-Boc-indoles using polymethylhydrosiloxane. 
Section C: Tris (pentafluorophenyl) borane catalyzed synthesis of N-benzyl pyrrolidines. 
 
Chapter I: Synthetic studies towards biologically active alkaloids Galanthamine and 
Terpendole. 
Introduction on alkaloids: 
 Alkaloids are naturally occurring chemical compounds containing basic nitrogen 
atoms. The name derives from the word alkaline and was used to describe any nitrogen-
containing base. Alkaloids are produced by a large variety of organisms, including 
bacteria, fungi, plants and animals and are part of the group of natural products (also 
called secondary metabolites). Many alkaloids can be purified from crude extracts by 
acid-base extraction. Many alkaloids are toxic to other organisms and often have 
pharmacological effects and are used as medications and recreational drugs. Examples 
are the local anaesthetic and stimulant cocaine, the stimulant caffeine, nicotine, the 
analgesic morphine or the antimalarial drug quinine. 
Section A : Synthetic studies towards Galanthamine devoid of C ring. 
 Alzheimer's disease (AD) or Senile Dementia of the Alzheimer Type (SDAT) is 
the most common form of dementia. An estimated 26.6 million people worldwide had 
Alzheimer's in 2006; this number may quadruple by 2050. (-)-Galanthamine is a 
selective, reversible competitive acetylcholinesterase inhibitor that has been approved for 
the symptomatic treatment of Alzheimer’s disease. Galanthamine is a natural product 
belonging to the Amaryllidaceae family of alkaloids. Galanthamine had also been tested 
for use in anesthesiology, from facial nerve paralysis to schizophrenia. We have used 
diversity-oriented synthesis to construct the analogs of the natural product, Galanthamine, 
with the goal of discovering molecules that exhibit biological effects beyond those 
previously associated with the natural product. Galanthamine was selected because it 
offered a range of functionality for diversity-generating reactions, it presented a rigid 
polycyclic core that might lower the potential entropy penalty associated with protein 
binding and it allowed for the use of powerful bio-mimetic reactions in the synthesis. 
 Analysis of Galanthamine 1 led us to consider a general structure 4 as the key 
intermediate, which contains suitable functionalities for the closure of the three rings. The 
synthetic scheme is based on the retrosynthetic analysis shown in scheme-1.  
Scheme 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The synthesis began with commercially available 3-hydroxy-4-methoxy 
benzaldehyde (Isovanillin) 6. The phenolic hydroxyl group of 6 was protected as its allyl 
ether 7 using allyl bromide, potassium carbonate in acetone as solvent. (scheme-2). This 
was followed by Claisen rearrangement of 7, heated at 200oC for 4 hours, in solvent free 
condition to obtain the rearranged product 8. The phenol 8 was silyl protected as its TBS-
ether 9, which was followed by the reduction of the aldehyde functionality of 9 using 
sodiumborohydride in methanol to obtain the alcohol 10. The primary hydroxyl group of 
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compound 10 was protected as its methoxymethylether using MOMCl, N,N-
diisopropylethylamine in anhydrous dichloromethane to afford the compound 5. 
Scheme 2 
 
 
 
 
 
 
 
 
 
 
The osmiumtetraoxide, sodium metaperoidate, 2,6-lutidine promoted oxidative 
cleavage of  the olefin 5 gave the aldehyde 11 which was transformed into its nitrile 
precursor 12 using hydroxylamine hydrochloride, pyridine followed by the addition of 
coppersulphate, triethylamine and DCC in CH2Cl2 as solvent. The next objective was the 
sequential alkylation adjacent to the nitrile functionality. Accordingly, the homoallyl 
functionality was substituted on treating 12 with and lithiumdiisopropylamine, DMPU, 
homoallylbromide in THF at -78oC to obtain the homoallyl substituted product 13. The 
compound 13 was then subjected to Wacker oxidation to obtain the keto 14 in high yield 
(scheme 3). The ketone functionality of 14 was protected as 1,3-dioxolane 15 using 
ethyleneglycol and catalytic p-TSA (scheme 4). Next, the allyl functionality was 
introduced by treating 15 with lithiumdiisopropylamine, DMPU, allylbromide in THF at   
-78oC to obtain the key intermediate 4 (scheme 4). 
Scheme 3 
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 Having successfully synthesized the structural backbone, the next objective was 
to construct the B, C ring of Galanthamine. Accordingly, the compound 4 was refluxed 
for 0.5 h in 3N KOH-EtOH and then on acidifying the reaction mixture to pH= 5, the 
product lactone 17 was observed in good yield (scheme 5). 
Scheme 5 
 
 
 
 
 
 
 
 The methoxymethylether (MOM) group of the compound 17 was removed using 
4N HCl (scheme 6). However, the reaction condition also led to the desired 1,3-dioxolane 
deprotection of the ketone. Next, it was desired to functionalize the olefin moiety. 
Accordingly, the olefin 18 was subjected to ozonolysis and the product aldehyde 19 was 
isolated (scheme 6). However, the aldehyde 19 was found to be unstable in silica gel 
chromatography. Hence, the aldehyde 19 was not purified and the crude product was 
taken to next step.  
Scheme 6 
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The aldehyde 19 was then transformed to the acid 20 using NaH2PO4, NaClO2 in 
56% yield for two steps. Next, the acid 20 was esterified by diazomethane to its 
methylester 3 in quantative yield (scheme 7).  
Scheme 7 
 
 
 
 
 
 The azide functionality was introduced by substituting the primary alcohol of 3, 
using diphenylphosphoryl azide (dppa) and DBU (scheme 8). The 7-membered azapine 
ring was constructed by reducing the azide functionality, using zinc- ammonium chloride, 
to its amine which spontaneously formed the target compound 2 in moderate yield. 
Scheme 8 
 
 
 
 
 
 
 
In conclusion, the synthesis of novel Galanthamine analog, devoid of C-ring, was 
carried out successfully starting with Isovanillin. The synthesis proceeded in 2.4% overall 
yield. The final product, Galanthamine devoid of C ring is, is being analyzed for its 
biological profile. The total synthesis of Galanthamine and synthesis of more 
Galanthamine analogs is presently being actively pursued in our laboratory. 
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Section B: Synthetic studies towards the simplified structural analog of Terpendole. 
For thousands of years, mankind has known about the benefit of drugs from 
nature. Among them, plants and extracts thereof have formed the basis for numerous 
traditional medicines, which even today continue to play an important role in health care 
worldwide. This prompted us to synthesize the simplified structural analogs of indole-
diterpenoid alkaloid Terpendole. Terpendole is a novel Eg5 inhibitor isolated from a 
fungal strain. Terpendole does not affect microtubule integrity in interphase, but induced 
formation of a monoastral spindle in M phase. It inhibits both motor and microtubule-
stimulated ATPase activities of human Eg5, but did not affect conventional kinesin from 
either Drosophila or bovine brain.   
 With the primary objective of simplifying the seemingly ‘intriguing structure’ of 
Terpendole and check their biological profile, the synthetic strategy was chalked out. The 
core element of Terpendole, DEF tricyclic skeleton, suggested that the 2-
methylcyclohexane-1,3-dione 1 would be the suitable starting material to envisage our 
synthetic strategy. Accordingly, 2-methyl cyclohexane-1,3-dione 1 was converted to its 
allyl substituted product 2 using NaH, allylbromide in DMF as a solvent. Next, the di-
ketone 2 was transformed to its diol product 3 using NaBH4 in methanol. This was 
followed by the olefin hydroboration, which converted the diol 3 selectively to the triol 4 
(scheme 9).  
 Scheme 9 
 
 
 
 
  
The F- ring of the terpene skeleton was constructed from triol 4 by selective tosyl 
protection of primary alcohol of 4 followed by insitu replacement of the OTs group and 
formation of the ether linkage using p-toluenesulphonyl chloride and triethylamine in 
DCM as a solvent to obtain alcohol 6. The alcohol 6 was oxidized to ketone 7 using PCC 
in anhydrous DCM. As our synthetic strategy was hinged upon the Diels-Alder reaction, 
the next objective was to build the diene precursor. The diene 9 was crafted in a two stage 
process, first the insertion of vinyl moiety by use of vinylmagnesiumbromide to obtain 8 
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and then subsequent dehydroxylation to the diene by heating at 210oC in anhydrous 
HMPA to obtain the diene 9 (scheme 10). 
Scheme 10 
 
 
 
 
 
 
 
 
 
 
 Having, successfully synthesized the diene 9, the next objective was to synthesize 
the dienophile. Commercially available indole-2-carboxylic acid 10 was chose to be the 
appropriate starting material. Accordingly, the indole-2-carboxylic acid 10 was converted 
to its methyl ester 11 using ethereal solution of diazomethane. The ester 11 was 
converted to indole-2-carboxaldehyde 12 using DIBAL-H at -78oC temperature followed 
by C-2 wittig olefination in benzene gave the olefin 13 (scheme 11). Thus, the stage was 
set to carry out the Diels-Alder reaction.  
Scheme 11 
 
 
 
 
 
 
 
 
 The indole moiety was attached to the terpenoid-core using Diels-Alder cyclo 
addition reaction. This was achieved by taking the diene 9 and dienophile 13 in toluene 
and heated to 200oC in a sealed tube for 8 days to obtain the addition product 14 in low 
yield (scheme 12). Having successfully constructed the structural backbone of the indole-
diterpenoid moiety, next we envisioned to synthesize few analogs with the same 
framework and check for their biological profile.  
 Accordingly, the compound 14 was subjected to ester hydrolysis using lithium 
hydroxide in methanol as a solvent to obtain the acid 15, which was tested towards the 
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induction of i-NOS enzyme for the evaluation of biological activity. It was found that 
dose tested at 1µM concentration on compound 15 resulted in approximately 4 fold 
induction (4.072704082) which has been consistent and reproducible across several iNOS 
induction assays using RAW 264.7 cells. Thus we concluded that 15 have a sufficient 
induction of i-NOS enzyme to consider it as promising at 1µm concentration. 
Scheme 12 
   
 
 
 
 
 
 
 
 With the compound 14 in hand, next we decided to attempt the construction the C 
ring using Negishi π cycloalkylation tactic. Accordingly, the ester 14 was subjected to 
DIBAL-H reduction at -78oC temperature to obtain the alcohol 16. The alcohol 16 was 
protected as its mesyl ether and was treated with t-BuMgCl in refluxing toluene. 
However, the cyclisation did not proceed and the reactant was found to get decomposed 
under the reaction condition (scheme 13). 
Scheme 13 
 
 
 
 
 
 
 
 
 
 
In summary, the simplified structural analog of Terpendole was synthesized, which was 
tested towards the induction of inducible nitric oxide (i-NOS) synthase enzyme and found 
to possess promising activity.  
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Chapter II: Synthesis and conformational control of hybrid and hetero peptidic 
foldamers: cis-β-Norbo - α and β spacer series: 
 Unnatural oligomers that adopt discrete conformations “foldamers” are subjects 
of increasing interest. Turns and reverse turns are important secondary structures, which 
play an active role in protein folding and stability. Turns comprise one third of the 
proteins, which is more than the sheets and nearly equal to that of helices. The reverse 
turn is the smallest recognizable element of secondary structure and can play an active 
role in modulation of protein stability and in determining the location of chain reversals. 
Because of the importance of these “turns”, knowledge of the factors that stabilize their 
structures is of considerable importance. Such information can be obtained by studying 
small peptide oligomers, which adopt these secondary structures in solution. In the light 
of these results we wanted to try the introduction of an L-amino acid at alternate positions 
in between these norbo amino acids making a hybrid peptide oligomer, and observe how 
these α-amino acid spacers effect the stable strand conformation 
Norbornadiene is a strained bicyclic compound used extensively in mechanistic 
organic chemistry and energy chemistry. We have modified norbornadiene to an unusual 
amino acid (vide infra) and oligomerized to obtain hybrid and hetero oligomers with 
other amino acids.  
The syntheses of enantiomerically pure 8 and 9 are based on the strategy shown in 
scheme 14. 2,2 Dipolar cycloaddition of norborna-2,5- diene 1 and chlorosulphonyl- 
isocyanate 2 gave the tricyclic chlorosulphonyl derivative 3 in ether at 0oC. The 
chlorosulphonyl derivative 3 was reduced with Na2SO3 and the resulting azitidinone 4 
was transformed into methyl ester cis exo-amino carboxylate 5.  This was further 
converted into N-Boc protected acid 6. Separation of enantiomers of N-Boc protected   
acid was carried out by fractional crystallization of diastereomeric salt that they formed 
with enantiomerically pure R-(+)-phenylethylamine. Treatment of finally obtained 
resolved salt with 2N HCl afforded exo-(1S,2S,3R,4R)-8.  Acid 8 was converted into 
methyl amino carboxylate hydrochloride salt 9 by treatment of HCl (gas) in MeOH. 
 Having successfully synthesized new class of β-amino acid monomers of 
Norbornene amino acid residue, the attention was then focused to synthesize the new 
class of hybrid peptides. In the synthesis of peptides, di-, tetra-, and hex peptides were  
Scheme 14 
 
 
 
 
 
 
 
 
 
 
synthesized with β-amino acid 9 using requisite sequence by adopting segment 
condensation method. Dipeptides 11, 13 and 15 were prepared by coupling of 9 with 
easily accessible N-Boc protected L-amino acids 10, 12 and 14 respectively (scheme 15). 
Scheme- 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The hybrid tetramer 18 was synthesized by coupling dimer acid of 15 and dimer 
amine of 13. Accordingly, the dimer acid 16 was prepared from the dimer 15 by 
saponification using LiOH in THF/H2O. In a separate experiment the dimer 13 was N-
Boc deprotected using TFA to obtain 17 which was coupled with acid 16 using EDCI and 
HOBt to obtain tetramer 18 (scheme 16). 
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The hybrid hexamer 21 was synthesized by coupling of acid of dimer 11 and 
amine of tetramer 18. Accordingly, the dimer acid 19 was prepared from the dimer 11 by 
saponification using LiOH in THF/H2O. In a separate experiment the tetramer 18 was N-
Boc deprotected using TFA to obtain 20, which was coupled with acid 19 using EDCI 
and HOBt to obtain the hexamer 21 (scheme 17). 
Scheme 17 
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 To our pleasant surprise, the NMR and molecular dynamics study indicated a turn 
for the tetramer 18 and adopted reverse turn for the hexamer 21, against the Hoffman 
predicted structures for a α-β peptide oligomers. The formation of these structures has 
been attributed to the rigidity of the β-amino acid used and the angle θ where it takes 
values within 0-10 degrees. Proline is known to induce turns in peptide sequence. But in 
our case a cis-exo-β-norbornene amino acid played the role of Proline. More over in our 
case a turn formed out of 12 membered hydrogen bonding, which is analogous to the 10-
membered ring hydrogen bond commonly observed in β-turns of α-peptides. 
 Encouraged by the above findings, we synthesized another series of hetero 
peptides, which were prepared from peptidation between monomer amine 9 with 
commercially available Boc-protected 3-aminopropanoic acid 22 (scheme 18) using 
EDCI, HOBt and DIPEA in DCM.  
 For the synthesis of hetero dimer 23, readily accessible Boc-protected 3-
aminopropanoic acid 22 was coupled with the norbornene amine hydrochloride salt 9 
using standard coupling reagents to get the dipeptide 23. 
Scheme 18 
 
 
 
 
 
 For the synthesis of tetrapeptide 26, dipeptide 23 was treated with LiOH in 
THF/H2O (7:3) at room temperature to get its lithium salt, followed by acidic workup to 
afford the dipeptide acid 24. The treatment of dipeptide 23 with TFA in DCM (1:1) 
resulted in Boc deprotected ester compound 25 in its TFA salt form. Finally, the coupling 
between acid 24 and amine 25 was carried out by standard coupling reagents to get the 
tetrapeptide 26 (scheme 19). 
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 Next, we turned our attention to the synthesis of hexamer in the hetero-peptide 
series. Accordingly, tetramer 26 was treated with TFA to obtain the TFA salt of amine 
27. Finally, the coupling between N-Boc protected acid 24 and TFA salt of amine 27 
using EDCI/HOBt/DIPEA in dry DCM at 0 oC to room temperature gave the hexapeptide 
28 (scheme 20). 
Scheme 20 
 
 
 
 
 
 
 
 
 
 
 
 
In summary, we have synthesized novel hybrid and hetero oligopeptides of exo-norborn-
5-ene amino acid and different L-amino acids and β-Alanine residues.  A detailed 
characterization of these oligomers has been carried out using NMR and molecular 
dynamics simulation studies. In this series, the hybrid peptide 18 exhibited a turn and 
adopted reverse turn in hexamer 21. The formation of these structures has been attributed 
for the rigidity of the β-amino acid used and the angle θ, when it takes values within 0-10 
degrees. Moreover in the present case a turn formed out of 12 membered hydrogen 
bonding, which is analogous to the 10-membered ring hydrogen bond commonly 
observed in β-turns of α-peptides. 
Furthermore, we have synthesized another series of hetero-peptides using exo-
norborna-5-ene residue and β-Alanine residue by usual coupling reaction. Preliminary 
structural studies showed extended turn conformations and work in this direction is under 
progress. 
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Chapter-III : Development of novel methodologies. 
Section-A: Three-component coupling of alkynes, Baylis-Hillman adducts and sodium 
azide: a new synthesis of substituted triazoles. 
 Multi-component coupling reactions have gained high prominence in the recent 
times, especially for the synthesis of new chemical entities with diversity (diversity 
oriented organic synthesis). ‘Click’ chemistry has allowed the generation of large number 
of drug-like molecules with a triazole scaffold. These scaffolds have shown interesting 
biological properties such as antibacterial, anti-HIV and antiallergic. Triazoles are also 
found in herbicides and dyes. Our group has been engaged in the development of new 
multi-component and one-pot reactions under various conditions. To further extend our 
efforts towards this goal, we have developed a new ‘Click-Multi-Component’ (CMC) 
variant, wherein acylated Baylis-Hillman adducts undergo a smooth, three-component 
coupling with alkynes and sodium azide. The products thus formed, namely 1,4-
disubstituted triazoles, provide diversity via various substitutions both in the triazole ring 
and alkyl side-chain on  N-1 of the triazole. 
 Initially, phenyl acetylene 1a, furfuraldehyde-methyl acrylate adduct 1b and 
sodium azide, with a catalytic amount of copper turnings and copper sulfate solution were 
heated in ethyl alcohol at reflux for 2 h to give highly diverse multifunctional 1c in 92% 
yield after a simple work-up and isolation. Our mechanistic proposal for this 
transformation suggests that Michael addition of azide onto the Baylis-Hillman adduct 
through a favourable six-membered  transition  state  followed  by  [3+2] cycloaddition 
with the acetylene derivative would generate the observed products. We suggest that the 
acetylene group is activated through copper complex. 
 The scope of this triazole synthesis is revealed in the several examples shown in 
Table 1. 4-Methylbenzaldehyde-acrylonitrile Baylis-Hillman adduct 6b, phenylacetylene 
1a and sodium azide also underwent the sequence to give 6c in 90% yield. Other 
acetylated Baylis-Hillman adducts (entries 2b, 3b, 4b, 6b) participated equally well in 
this one-pot procedure, with over 80% yields. Two other alkynes namely 1-heptyne 7a 
and homopropargyl alcohol 11a were also subjected to this three-component coupling, 
with variety of acetylated Baylis-Hillman adducts (entries 7b-14b) and sodium azide, 
without any difficulty to realize the corresponding triazoles in good yields. 
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   Table 1.  Synthesis of triazoles through three-component coupling.
Stereochemistryb
E
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E
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Yield(%)
a All products were characterised by 1H NMR and mass spectral data.
b The exclusive (E) and (Z) stereochemistry was assigned on the basis of NMR experiments, which  clearly  showed nOe cross 
peaks  between the methylene  protons and R'-group  protons and the absence of an effect between these protons and the vinylic 
protons for the compounds with (E) stereochemistry  whereas the opposite effects were observed for the compounds with (Z) 
stereochemistry.
c Yield refers to the isolated pure products after column chromatography.
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 In conclusion, it is demonstrated that acetylated Baylis-Hillman adducts undergo smooth 
three-component coupling with sodium azide and terminal alkynes in one pot to furnish 
the diverse multifunctional 1,4-disubstituted triazoles. The operational simplicity of this 
method and the higher yield of the products make it attractive not only for the large scale 
synthesis of this class of potential biologically active molecules, but also for the synthesis 
of screening libraries for drug discovery. 
 
Section-B: Palladium catalyzed reduction of N-Boc-indoles using polymethylhydrosilox-
ane. 
The reduction of indoles to indolines is a commonly encountered reaction and number of 
methods have been developed for this conversion, including those involve hydrogenation 
and hydride reductions. The reagents used for this transformation are sodium borohydride 
or sodium cyanoborohydride in carboxylic acids, zinc borohydride, magnesium in 
methanol, triethylsilane-trifluoroacetic acid, borane-pyridine in HCl and hydrogen over 
catalysts beside others. While several of these methods have seen wide use, chemists 
continue to seek new protocols and using safer reducing agents. Silanes and siloxanes are 
identified as alternative and safe reducing agents when compared to the conventional 
reduction procedures. In particular, polymethylhydrosiloxane (PMHS) is gaining 
prominence as an inexpensive reagent and is an air and moisture stable reducing agent. 
Indeed, PMHS can be stored for longer period of time, and no special precautions are 
needed in using this reagent. Recent studies of PMHS as a reducing agent by us and 
others suggest that additional opportunities may exist for its use in indole reductions. 
Accordingly, polymethylhydrosiloxane was used as an efficient reducing agent for 
the reduction of N-Boc-indoles to N-Boc-indolines in the presence of 10% Pd(OH)2/C as 
a catalyst (scheme 21).  
Scheme 21 
 
 
 
Initially, N-tert-butoxycarbonylindole 1 and polymethylhydrosiloxane were stirred in 
the presence of different potential activators such as B(C6F5)3, ZnCl2, AlCl3, Pd(PPh3)4, 
N
Boc
R1
R2
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EtOH, rt, 5-15 min N
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and Pd/C, but to our disappointment either the formation of N-Boc-Indoline was not 
observed or observed to an extent of 60% to 80%. A more careful study resulted in the 
identification of 10% Pd(OH)2/C as an efficient activator for the reduction of N-Boc-
indoles. Thus, the reaction of N-(tert-butoxycarbonyl) indole with PMHS in the presence 
of a catalytic amount of 10% Pd(OH)2/C in ethanol gave the corresponding indoline 
product in 96% yield (entry 1, table 2). 
    To explore the scope of the reaction, various N-Boc-indoles (entries 2-13, table 2) were 
treated under the described reaction conditions to get the corresponding N-Boc-indolines 
in good yields. In all the cases the reaction proceeded smoothly at room temperature in 5 
to 15 min. and the results are summarized in Table 2. The ester functionality is stable 
(entries 8, 9 and 10, table 2) and as expected the carbonyl and nitro functionalities were 
reduced (entries 6, 7 and 11, table 2) under the present reaction conditions. The reduction 
of N-acetyl-indole 10 was also achieved to the corresponding indoline 10a in 5 min. with 
93% yield (entry 10, table 2). N-benzyl-indole 12 didn’t react under the described 
reducing conditions, debenzylation occured to get indole; instead it was reduced with 
PMHS-AlCl3 system to give the N-benzyl-indoline 12a in 85% yield (entry 12, table 2). 
However, N-sulfonyl-indole 13 fail to give the corresponding indoline with PMHS either 
in the presence of 10% Pd(OH)2/C or AlCl3 (entry 13, table 2).  
 In summary, we have demonstrated a useful method for the reduction of N-Boc-
indoles to the corresponding indolines using polymethylhydrosiloxane as a safe reducing 
agent in the presence of a catalytic amount of 10% Pd(OH)2/C. We believe this method is 
a useful addition to the existing protocols and may find applications in organic synthesis. 
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7b
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Entry Indole Indoline Yield(%)a
96
92
90
88
86
87
Time (min.)
5
10
10
15
10
10
N
Boc
1 1a
2 2a
3 3a
4 4a
7
7a
5 5a
Table 2 : Reduction of N-Boc-indole derivatives with PMHS- 10% Pd(OH)2/C
N
Boc
CHO
N
Boc
OH
6 85156 6a
N
Boc
COOMe
N
Boc
COOMe9 885
9 9a
N
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COOEt
8 92108 8a
N
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COOEt
N
Ac
COOMe
N
Ac
COOMe
10 9310
12c N
Bn
N
Bn
120
85
13
N
Ts
120 No reaction
aIsolated yields after column purification. The literature references are give for the known products.
bAfter completion of the reduction, reaction mixture was treated with Boc2O.
cAlCl3 was used as catalyst, while in all other entries Pd(OH)2 was used.
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Section C: Tris (pentafluorophenyl) borane catalyzed synthesis of N-benzyl pyrrolidines. 
 Heterocycles constitute a major contributing nucleus in many of the natural 
products and various intermediate building blocks in organic synthesis and thus have 
received significant attention for their preparation over decades.  Of the heterocycles, 
pyrrolidine ring system is found in many of the natural alkaloids also as components of 
chiral ligands thus offer important lead structures for the development of novel 
pharmacological agents. Azomethine ylides are planar 1,3-dipoles comprising of one 
nitrogen and two terminal sp2 carbon atoms, which are either generated in situ by N-
metalation of imino esters or by thermal tautomerization of the imines of 2-amino 
esters/nitriles or deprotonation of iminium salts or desilylation of imines or thermolysis 
of aziridines. Despite the several chiral and achiral methods available for in situ 
generation of azomethine ylides and 1,3-dipolar cycloaddition with electron deficient 
olefins, a simple and efficient way is still highly desirable.  
 B(C6F5)3 has been used as a versatile catalyst for various transformations and has 
been recently explored as a non-conventional Lewis acid catalyst which operates via 
hyper coordination at the boron center. Towards this investigation, we have reported 
several transformations with B(C6F5)3 viz., defunctionalization of the carbonyl 
compounds, epoxide opening and reductive etherification of carbonyl compounds. In 
continuation to our investigation of this  catalyst, herein we report the simple synthesis of 
pyrrolidine via 1,3-dipolar cycloaddition of insitu generated azomethine with electron 
deficient dipolarophiles catalyzed by the B(C6F5)3 (scheme 22).   
 Initially, we envisioned that the N-benzyl(methoxy)-N-((trimethylsilyl) 
methyl)methanamine13 1 when treated with Lewis acid gets converted into an 
intermediate 2-azomethine ylide, which could be trapped with suitable electron deficient 
dipolarophiles  in [3+2] cycloaddition fashion to result in the substituted N-benzyl 
pyrrolidine  (scheme 22). 
Scheme 22 
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Accordingly, we treated the tert. amine 1 in dichloromethane with B(C6F5)3 (3 
mol %) to generate the azomethine ylide 2 which was successfully trapped with ethyl 
acrylate 3 to afford  3-carboethoxy N-benzyl pyrrlodine 4 in 92 % yield (scheme 22).  To 
study the efficacy of the in situ generated ylide, several other electron deficient 
dipolarophiles were subjected to the reaction condition to observe the respective 
substituted pyrrolidines in good yields (table 3). 
Table 3: 1,3-Dipolar cycloaddition of Azomethine with dipolarophiles. 
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 In conclusion, it has been successfully demonstrated that the B(C6F5)3 could                  
be efficiently used as a Lewis acid for catalyzing the 1,3-dipolar cycloaddition reactions. 
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Compound Product  Yield (%)a
92
90
68
86
85
62
3
5
4
6
7 8
Time/h
1.5
1.5
2.0
1.5
3.0
3.0
a.Isolated yields after purification by coloumn chromatography.
All products were characterised by 1H NMR, 13C NMR, IR and mass spectral data.
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